Monodisperse zinc sulfide particles were prepared by homogeneous precipitation from zinc sulfate solutions. Particle size could be adjusted in the range of 1 to 5 microns by changing the viscosity of the reaction medium. From electron micrographs of particles prepared in high viscosity media subparticles up to 50 nm in diameter could be observed. From these results it was concluded that particle growth took place predominantly by Brownian coagulation.
Introduction
Zinc sulfide is a highly crystalline material. Nevertheless, it can be precipitated as spheres with a narrow size distribution. They are formed if thioacetamide is hydrolized, thus generating hydrogen sulfide, in aqueous solutions of zinc salts. However, in order to obtain monodisperse and nonagglomerated particles the final suspension density must be less than one per mille.
Wilhelmy and Matijevi6 developed a two-step proces [1] . In the first step, they grew particles with a diameter less than 80 nm. These acted as nuclei in a second reaction where particles above 1 #m were obtained. From x-ray data, the authors showed these spherical particles to be highly crystalline. They were not able to explain these observations nor did they find any evidence for a substructure.
Wiliams, Yocom, and Stofko prepared zinc sulfide from aqueous solutions of zinc sulfate and thioacetamide in a one-step process [2] . Only under some strict conditions did they obtain spheres. The temperature distribution in the reac-, tion vessel had to be very uniform and, in order to avoid aggregation, stirring of the reaction medium was not allowed. These authors did find some evidence for a substructure. From an x-ray analysis they calculated a crystallite size of about 12 nm and the spheres shown in their electron micrographs had a "tangled fibrous appearance".
Until recently, the formation of monodisperse particles was explained by a mechanism proposed by LaMer and Dinegar [3, 4] . A few years ago an alternative model to explain the formation of uniform particles has been published [5] [6] [7] . Nucleation now is not restricted to a short period in the beginning of the process, but does occur during a much larger time span. These nuclei grow until they reach a critical size range, usually on the order of 50 nm or less. From that moment on attractive Van der Waals forces are stronger than the repulsive electro-static ones and agglomeration results. According to this model, growth of particles in the 1-#m region proceeds predominantly by this agglomerative mechanism.
We were interested to find a way to produce these spheres at a higher suspension density. GL 375 Handling higher concentrations is hampered by the fact that stirring during the reaction is not allowed if aggregation of micron-sized particles is to be prevented.
Materials and methods

Materials
All materials in the laboratory-scale experiments were p.a. grade and were used as received. The Zn 2+ source was ZnSO4.7H20 end was obtained from Merck as were thioacetamide and sulfuric acid (95-97%). Glycerine was from Brocacef.
In the pilot-plant scale experiments the Zn 2+ source was a 1.7 molar technical grade ZnSO 4 solution. Technical grade thioacetamide was obtained from Courtaulds Chemicals. All other materials were the same as in the laboratory-scale experiments.
Apparatus
Laboratory-scale experiments were performed in a five-necked thermo-statted reactor of Pyrex glas at T= 80~ A 0.5-liter reactor was used during the experiments. It was equipped with a three-blade propellor with a glass-mantled shaft. Smaller vessels were not used because they would promote a significant loss of particles to the reactor walls. A pH electrode was used to determine the pH of the solution as a function of reactor time.
Pilot plant-scale experiments were performed in a 50-1 reactor of Duran glass with a working volume of 36 1. A six-blade turbine impellar was used and the reactor temperature was controlled by a PID controller at a setpoint of 80 ~
Laboratory -scale procedure
Thioacetamide was dissolved in 250 ml of the reaction medium (water or water/glycerine mixtures). Zinc sulfate was dissolved in 250 ml of 0.15 molar sulfuric acid. In order to facilitate complete dissolution and to avoid thermal gradients in the reactor the temperature of these solutions was raised to 80~
The resulting solutions were added to the pre-heated reactor under strong agitation. After the reaction a saturated polyvinylalcohol solution was added to the dispersion and the zinc sulfide particles were separated from the mother liquid by filtration (pore diameter 0.17 #m). Subsequently, the product particles were washed with demineralized water.
Pilot plant -scale procedure Thioacetamide (21.75 tool) was dissolved in 30 1 of reaction medium in an agitated pre-heated reactor. The second reactant solution was prepared by adding 5.4 mol of sulfuric acid to 6.35 1 of a 1.7 molar zinc sulfate solution. These liquids were subsequently mixed at the reaction temperature. After 50 min the TAA-hydrolysis reaction was quenched by injection of cold demineralized water (T= 18~
The precipitate was subsequently separated from the mother liquid by filtration over a Buchner filter 30 cm. in diameter. Afterwards, the product particles were washed four times with 2 1 of demineralized water and dried under vacuum at 40 ~ In this way, up to 2 kg of solid material could be obtained.
Particle characterization
The particle size distribution of the obtained samples was determined by forward light scattering, or Fraunhofer diffraction. The filtered and washed product powders were redispersed in water and subjected to ultrasonics for 1 h. The measurements were performed with a Coulter LS130. Particle characteristics were visualized by scanning electron microscopy (JEOL JSM 80A) as described previously [8] .
Results and discussion
All preparations of zinc sulfide were carried out at a temperature of 80~ and with [ZnSOJ = 0.0833 mol/1, [H2SO4] = 0.15 mol/l and [TAA] = 0.1667 mol/1. Initially, we took care that during the entire reaction period the content of the reactor was not stirred. Currents in the reaction medium promote coagulation resulting in agglomerated products, as already pointed out by previous authors [t, 2] . Figure 1 shows the diameter of zinc sulfide spheres, obtained from SEM micrographs, as a
